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Objective: Infantile hemangiomas (IHs) are the most common vascular tumors of

infancy. Oral propranolol has achieved great success in treating IHs since 2008. To

minimize the systemic side events caused by oral administration of propranolol, topical

timolol started to be applied in the treatment of IHs, especially for superficial lesions.

Methods: We treated 724 children with superficial IHs using oral propranolol or topical

timolol, and investigated the efficacy and safety of the two treatment patterns.

Results: Both oral propranolol and topical timolol achieved a satisfactory therapeutic

outcome, with an effective response rate of 97 and 96.4%, respectively. No significant

differences in visual analog scale (VAS) improvement between the two groups were

observed. Occurrence rate of systemic adverse events for patients treated with oral

propranolol (3.9%) was significantly higher than that for patients treated with topical

timolol (0%). Clinical response was not associated with gender, duration of treatment,

lesion location, lesion size, gestational age, and progesterone use during pregnancy, but

closely associated with age at treatment initiation, which indicated that younger age at

treatment initiation predicted for a better regression rate.

Conclusions: We recommend that topical timolol instead of oral propranolol could be

the first-line therapy for superficial IHs because of its good efficacy and improved safety.

Keywords: infantile hemangioma, topical timolol, oral propranolol, superficial type, side effects

INTRODUCTION

Infantile hemangiomas (IHs) are the most common vascular tumors of infancy (1). The cause of
hemangioma is still unknown, but it is closely associated with the disorder of angiogenesis and
vasculogenesis (2). Owing to the characteristic growth pattern of IHs with rapid proliferation
and followed involution, conservative therapy strategies based on observation without early
interference were prevalent over several decades (3). However, observational treatment failed to
achieve satisfactory therapeutic effects because of the slow rate of tumor regression and permanent
residuals leading to cosmetic problems (4). Thus, early and active intervention has become the first
choice for proliferating IHs.

In 2008, Léauté-Labrèze et al. (5) reported their results of successfully treating IHs with oral
propranolol. Since then, propranolol has become the first-line drug for IHs, but its molecular
mechanisms are not well-elucidated (6). Furthermore, several systemic drug adverse events (AEs)
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have been observed in certain patients after oral propranolol
(7). To minimize potential side effects caused by systemic use of
propranolol, topical timolol started to be applied in the treatment
of IHs, especially for superficial lesions (8–11). In our previous
study, it has been confirmed that topical application of 0.5%
timolol maleate hydrogel is safe and effective for superficial IHs
(12). However, it is still controversial whether topical timolol is
superior to oral propranolol in the treatment of superficial IHs,
because few clinical studies have focused on comparing the safety
and efficacy of topical timolol with that of oral propranolol. In
the present study, we investigated patients with superficial IHs
receiving either topical timolol or oral propranolol, and aimed
to compare the efficacy and safety of two treatment patterns in a
large case series.

MATERIALS AND METHODS

Study Design
The study protocol was carried out in accordance with
Declaration of Helsinki, and informed consents were obtained
from all guardians of the patients. The study was approved by
the Institute Review Board of Shanghai Ninth People’s Hospital,
and conducted between January 2010 and January 2017 at
Department of Oral and Maxillofacial Surgery, Shanghai Ninth
People’s Hospital. Consecutive patients diagnosed as superficial
IHs were collected in the present study. The exclusion criteria
included a history of previous medication, contraindications of
β-blockers, other IH lesions including ulcerated, mucosal, mixed,
or deep IHs.

Treatment Regimen and Outcome
Assessment
Before the initiation of treatment, all patients received a thorough
physical examination. Clinical features and images of superficial
lesions were recorded prior to the treatment. The study samples
were consisted of both propranolol-treated lesions and timolol-
treated lesions. For oral prorpanolol treatment, patients were
given oral propranolol (Jiangsu Yabang Aipusen Pharmaceutical
Industry Limited Company, China) at a dose of 2.0 mg/kg per
day. Propranolol was divided into 2 doses and taken within half
hours after meals. For topical timolol treatment, timolol maleate
0.5% hydrogel was applied three times a day. The hydrogel
was gently rubbed as a thin layer onto the whole surface of
IH. Cardiovascular examination (including heart rate and blood
pressure) was demanded before and after the first application of
propranolol or timolol. The treatment continued until objective
goals were obtained or no further improvement was achieved.

To record systemic or local AEs, all the patients’ guardians
were given a questionnaire survey that outlined all potential AEs,
including erythema, oedema, crusting, erosion, ulceration, local
infections, asthma, bradycardia, hypotension, hypoglycaemia,
peripheral vasoconstriction, gastrointestinal disturbances,
behavioral changes, sleep disturbances, and diarrhea (13). The
data were collected after the treatment for evaluating the safety
of two treatments.

Therapeutic responses were defined as blanching and
softening of the lesions after treatment initiation. The therapeutic

efficacy was mainly evaluated by using visual analog scale (VAS)
(14). All clinical photographs of IHs before and after treatment
were checked by another three independent physicians who were
blinded to the treatment pattern. The VAS score was determined
by the change in cosmetic appearance, which ranges from −100
(representing a doubling in the size and extent of the IH) to 100
(representing complete resolution) (12). Therapeutic responses
were graded as follows: excellent (VAS score ranging from 90
to 100), good (VAS score ranging from 51-90), fair (VAS score
ranging from 1-50) and poor (VAS score ranging from −100
to 0).

Statistical Methods
Software package SPSS (version 16.0; SPSS, Chicago, IL) was used
to analyze the date. Descriptive data were expressed as numbers,
percentages, or means± standard deviations. Mann-Whitney U-
test was used to compare the clinical responses with different
clinical variables, and Fisher’s exact test was used to evaluate
the differences in the efficacy and safety between two groups.
P < 0.05 were considered as significant.

RESULTS

Clinical Features of Patients
The clinical characteristics of patients included were listed in
Table 1. The mean age at initiation of the treatment was 5.8
months. The ratio of female to male was 2.79:1, and 20.9%
(151/724) of patients were born prematurely. 11.5% (83/724) of
patients had a history of progesterone use. 58.1% (421/724) of
lesions were located in the head and neck region. Tumor size
ranged from 0.5 to 21.2 cm2, with a mean size of 4.42 cm2.
The mean duration of treatment was 6.7 months, and the mean
follow-up time was 6.4 months.

TABLE 1 | Clinical characteristics of patients included.

Characteristic Value

Age (months) 5.8

Gender

Male 191

Female 533

Lesion location

Head and neck 421

Extremities 165

Trunk 138

Lesion size (cm2) 4.42

Gestational age

Tern born (≧37 weeks) 573

Born prematurely (<37 weeks) 151

Progesterone use during pregnancy

Yes 83

No 641

Duration of treatment (months) 6.7

Follow-up period (months) 6.4
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As shown in Table 2, 724 patients were included in the
study, including 362 patients treated with oral propranolol
and 362 patients treated with topical timolol. No significant
differences in age, gender, lesion location, gestational age, history
of progesterone use, treatment duration, and follow-up time
were observed in two groups. For patients treated with oral
propanolol, the mean age at treatment initiation was 6.1 months.
A female predominance with a ratio of 2.9–1 was noted. The
primary locations included head and neck region (221), torso
(81), and extremities (60). There were 73 patients (20.1%) born
prematurely, with 38 patients’ mothers (10.5%) having a history
of progesterone use during pregnancy. Themean duration of oral
propranolol treatment was 6.0 months, and the mean follow-up
time was 6.2 months. For patients treated with topical timolol,
the mean age at treatment initiation was 5.4 months. A female
predominance (2.7:1) was also noted. The lesion were located
in the head and neck region (200), torso (84), and extremities
(78). There were 78 patients (21.5%) born prematurely, with
45 patients’ mothers (12.4%) having a history of progesterone
use during pregnancy. The mean duration of topical timolol
treatment was 7.3 months, and the mean follow-up time was 6.5
months.

Therapeutic Outcomes
Both propranolol and timolol achieved a satisfactory outcome
in treating superficial IHs, and no significant differences
in VAS improvement were observed in the present study
(P = 0.20). As shown in Table 3, the average VAS improvement
after oral propranolol treatment was 71.2, with 116 patients
achieving excellent response (as shown in Figure 1), 199

TABLE 2 | Clinical characteristics of patients treated with propranolol or timolo.

Propranolol Timolol P-value

group group

Age (months) 6.1 5.4 0.62

Gender 0.74

Male 93 98

Female 269 264

Lesion location 0.18

Head and neck 221 200

Extremities 81 84

Trunk 60 78

Lesion size 0.21

0–5 cm2 235 251

≧5 cm2 127 111

Gestational age 0.71

Tern born (≧37 weeks) 289 284

Born prematurely (<37 weeks) 73 78

Progesterone use during pregnancy 0.48

Yes 38 45

No 324 317

Duration of treatment (months) 6.0 7.3 0.23

Follow-up time (months) 6.2 6.5 0.27

patients achieving good response, 36 patients achieving fair
response and 11 patients achieving poor response. The
average VAS improvement after topical timolol treatment
was 77.2, with 136 patients achieving excellent response (as
shown in Figure 2), 170 patients achieving good response, 43
patients achieving fair response and 13 patients achieving poor
response.

TABLE 3 | Therapeutic evaluation of propranolol and timolol treatment.

Efficacy Excellent Good Fair Poor P-value

Propranolol 116 199 36 11 0.20

Timolol 136 170 43 13

FIGURE 1 | Therapeutic response of superficial IHs in the scalp treated with

oral propranolol. (A) Before starting oral propranolol treatment; (B) After 6

months of oral propranolol treatment. Obvious discoloration and regression in

size were noted. Written informed consent has been obtained from the parents

of the child, and permission was granted for publication of these images.

FIGURE 2 | Therapeutic response of superficial IHs in the arm treated with

topical timolol maleate 0.5% hydrogel. (A) Before starting topical timolol

therapy; (B) After 6 months of topical timolol treatment. Significant

discoloration and regression were observed. Written informed consent has

been obtained from the parent of the child, and permission was granted for

publication of these images.
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Evaluation of Drug Adverse Events
As shown in Table 4, there was a remarkable difference in the
incidence of systemic adverse events between the two groups.
No systemic AEs were noted during topical timolol treatment,
compared with 14 patients experiencing systemic AEs during oral
propranolol treatment. Meanwhile, mild local side effects were
observed in 12 patients treated with topical timolol, including
local pruritus and skin blemishes.

Predictors for Clinical Responses
Predictors for clinical responses were listed in Table 5. Clinical
response was not associated with gender, duration of treatment,
lesion location, lesion size, gestational age, and progesterone use
during pregnancy. The only predictor for clinical responses was
age at treatment initiation for both groups, which indicated that
better therapeutic effects were achieved in patients with younger
age (<6 months old) at treatment initiation.

Therapeutic Effects for Large
Hemangiomas
Large hemangiomas with an area larger than 5 cm2 are one of the
most troubling problems. Therefore, we evaluated the therapeutic
effects for large hemangiomas treated by propranolol or timolol.
Both propranolol and timolol achieved a satisfactory outcome
in treating large superficial IHs, and no significant differences in
therapeutic effects were observed in the present study (P= 0.52).
As shown in Table 6, 42 patients treated by oral propranolol
achieved excellent response, with 65 patients achieving good
response, 15 patients achieving fair response and 5 patients
achieving poor response. In contrast, 47 patients treated by
topical timolol achieved excellent response, with 50 patients
achieving good response, 10 patients achieving fair response and
4 patients achieving poor response.

TABLE 4 | Evaluation of drug adverse events in patients treated with propranolol

and timolol.

Groups Propranolol group Timolol group P-value

(n = 362) (n = 362)

Local AEs 0 12 <0.001

Systemic AEs 14 0 <0.001

TABLE 5 | Predictors for clinical response.

Variables P-value P-value

(Propranolol group) (Timolol group)

Gender 0.53 0.32

Age at treatment initiation 0.02* 0.04*

Duration of treatment 0.19 0.52

Lesion location 0.29 0.27

Lesion size 0.53 0.24

Gestational age 0.37 0.43

Progesterone use during pregnancy 0.28 0.31

*p < 0.05 was considered as significant.

DISCUSSION

The treatment pattern of IHs has changed dramatically since the
successful use of propranolol. A series of clinical studies including
retrospective study, prospective study and meta analysis have
been implemented to prove the efficacy of propranolol in
treating IHs (15–17). However, the safety of propranolol therapy
in IH hsa been controversial because of the systemic AEs
induced by oral administration. Although, common systemic
side effects including bradycardia, bronchospasm, hypotension,
hypoglycemia, electrolyte disturbances and diarrhea, are
usually self-limiting without special intervention (18), concerns
regarding the potential effects of propranolol on neurocognitive
ability have been raised recently. It is widely known that the
lipophilic nature of propranolol could favor in penetrating the
blood-brain barrier, but whether oral propranolol would affect
the central nervous system in a long-term period is still unclear
(19). Consequently, clinicians attempted to use topical β-blockers
for treating IHs in order to minimize the side effects induced by
oral administration. As for superficial lesions, topical medication
could achieve local drug distribution and reduce the release of the
drug into blood circulation. Although topical beta blockers have
achieved acceptable effects for treating superficial IHs, there is
still no consensus on the selection of oral propranolol or topical
timolol for treating superficial IHs. Herein, we conducted a
comparative cohort study to evaluate the outcomes of superficial
IHs treated with either topical timolol or oral propranolol, and
possible AEs. Our results based on large samples demonstrated
that both oral propranolol and topical timolol are effective for
treating superficial IHs, and there were no significant differences
in efficacy between the two treatment modalities. Moreover,
fewer systemic AEs were observed in patients receiving topical
timolol than those receiving oral propranolol. This study
provided supportive evidence of choosing topical timolol as the
first-line therapy for superficial IHs.

Propranolol, as a non-selective β-blocker, could suppress the
growth of IHs through inducing vasoconstriction, angiogenesis
inhibition, and apoptosis induction (20). Recent studies have
demonstrated that oral propranolol could achieve a satisfactory
therapeutic response at a dosage of 2–3 mg/kg per day (1).
Moreover, propranolol was proved to be a good choice for the
treatment of obstructive, alarming and ulcerated lesions (1).
In the present study, we applied propranolol at a dosage of 2
mg/kg per day, with an effective response rate of 97%, which is
consistent with the results (96–98%) by Léauté-Labrèze et al. (1).
These results further supported the good effects of propranolol
for treating IHs.

As for topical drug therapy, diverse formulations of timolol,
including timolol 0.1% gel, timolol 0.25% gel forming solution,

TABLE 6 | Therapeutic evaluation for large lesions (tumor size ≧ 5 cm2).

Efficacy Excellent Good Fair Poor P-value

Propranolol 42 65 15 5 0.52

Timolol 47 50 10 4
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timolol 0.5% eye drop, timolol 0.5% gel forming solution,
and timolol 0.5% gel, have been attempted for treatment of
superficial IHs (21). In our previous study, we applied topical
timolol maleate 0.5% hydrogel for treating superficial IHs,
and discovered that topical timolol could achieve satisfactory
clinical responses with mild side effects (12). Propranolol and
timolol are both β-blockers, which may regulate the growth
of IHs in a similar way. However, few studies were conducted
to compare the therapeutic effects of topical timolol and
oral propranolol. According to recent review focus on the
interventions for hemangiomas of the skin, only one study
including 26 participants reported that no significant difference
in haemangioma size after treated by oral propranolol or topical
timolol was observed (22, 23). Consistent with this study, our
results showed no significant differences in efficacy between the
two treatment modalities, and both treatments can be adopted
for superficial IHs.

To reduce systemic side effects induced by oral propranolol is
one major reason for applying topical timolol as an alternative
of treating IHs, but few clinical studies investigated the
improvement of treatment safety by comparing the outcomes of
patients treated with either oral propranolol or topical timolol.
This study showed significant differences in the occurrence of
AEs between the two groups. Fewer systemic AEs were observed
in patients receiving topical timolol than those receiving oral
propranolol. Of the 362 children in the propranolol group,
14 patients had systemic adverse reactions, including 10 with
sleep disorders, 5 with diarrhea, 6 with loss of appetite, 4 with
transient acromegaly, and 2 with bronchial spasm. Compared
with the propranolol group, 362 patients in the timolol group
had no systemic adverse drug reactions, and only 12 patients
had local pruritus and skin blemishes. These findings indicated
that the occurrence of systemic AEs for patients treated with
oral propranolol was significantly higher than that for patients
treated with topical timolol (P< 0.05). Therefore, we recommend
topical timolol instead of oral propranolol as the first-line therapy
for superficial IHs because of its good efficacy and improved
safety.

As shown in the results, age at treatment initiation was
closely associated with therapeutic efficacy in both groups, with
a higher regression rate for patients younger than 6 months old
treated with either topical timolol or oral propranolol. These
results were consistent with previous studies, which disclosed
that better regression rate of IH lesions could be achieved in
patients younger than 6 months old (10, 24). We hypothesized
that this phenomenon was due to the characteristic growth
behavior of IHs. A rapid proliferation and followed regression
is a distinct feature of IH. Rapid growth of IH lesions is usually
observed during 5–8 weeks, and about 80% of their absolute
growth is completed by the age of 3 months (25, 26). It is
widely accepted that rapid proliferation and followed regression
of IH lesions are closely associated with the crucial role of beta
adrenergic receptor in regulating the growth of IHs (27). β-
blockers including propranolol and timolol could elicit inhibitory
effects mainly via regulating cell proliferation, angiogensis and
apoptosis through beta adrenergic receptor signaling pathway.

Moreover, the varied expressions of beta adrenergic receptor
in proliferating and involuted lesions are in accordance with
characteristic growing pattern of IHs (28). Consequently, we
hypothesized that worse therapeutic effects at elder ages of
treatment initiation were partially owing to decreased tendency
of adrenergic receptor expression.

It is widely accepted that dysregulated differentiation of
embryonic cells contributed to the progression of IHs, which
is comprised of proliferative hemangioma endothelial cells
forming the vessels and immature hemangioma pericytes
circumscribing the vessels (29). According to recent studies
focusing on the potential mechanisms of different anti-
hemangioma drugs, propranolol and other beta-blockers mainly
exert their effects via targeting hemangioma endothelial cells
and hemangioma pericytes (30). Bischoff et al. proposed that
propranolol could suppress the development of hemangiomas
through increasing the contractility of hemangioma pericytes
(31), and several other studies reported that propranolol
could inhibit the growth of hemangiomas through modulating
cellular functions of hemangioma endothelial cells (32–34).
Although no significant differences in the therapeutic efficacy of
propranolol group and timolol group in our study were observed,
we hypothesized that systemic propranolol and local timolol
might individually exerted their effects partly via targeting
different cells. It is possible that systemic propranolol was
dissolved in the vessels and firstly affected cellular physiology
of hemangioma endothelial cells across the vessels, while topical
timolol permeated through the skin and firstly interacted on
hemangioma pericytes circumscribing the vessels. As a result,
systemic propranolol might mainly target endothelial cells
initially, and topical timolol might mainly target pericytes
initially. However, few evidences provide support for our
hypothesis. Therefore, more studies are needed to compare the
potential mechanisms of local and systemic beta-blockers on
treating hemangiomas.

CONCLUSION

In the present study, we discovered that topical timolol is at least
as effective as oral propranolol for the treatment of superficial
IHs, and poses less risk of inducing systemic adverse events.
Therefore, we recommend topical timolol as the first-line therapy
for superficial IHs.

AUTHOR CONTRIBUTIONS

Conception/design: HW, XW, and JZ. Provision of study
material and patients: HW. Collection and assembly of data: LZ,
JZ, CL, and YW. Data analysis and interpretation, manuscript
writing, final approval of manuscript: all authors.

ACKNOWLEDGMENTS

This study was financially supported by the grants of National
Natural Science Foundation of China (No. 81570992 and
81470755).

Frontiers in Oncology | www.frontiersin.org 5 December 2018 | Volume 8 | Article 605

https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Wu et al. Timolol vs. Propranolol for Treating Infantile Hemangiomas

REFERENCES

1. Léauté-Labrèze C, Harper JI, Hoeger PH. Infantile haemangioma. Lancet

(2017) 390:85–94. doi: 10.1016/S0140-6736(16)00645-0

2. Laken PA. Infantile hemangiomas: pathogenesis and review

of propranolol use. Adv Neonatal Care (2016) 16:135–42.

doi: 10.1097/ANC.0000000000000254

3. Sidbury R. Update on vascular tumors of infancy. Curr Opin Pediatr. (2010)

22:432–7. doi: 10.1097/MOP.0b013e32833bb764

4. Hohenleutner U, Landthaler M, Hamm H, Sebastian G. Hemangiomas

of infancy and childhood. J Dtsch Dermatol Ges. (2007) 5:334–8.

doi: 10.1111/j.1610-0387.2007.06168.x-i1

5. Léauté-Labrèze C, Dumas de la Roque E, Hubiche T, Boralevi F, Thambo B,

Taieb A. Propranolol for severe hemangiomas of infancy.N Engl J Med. (2008)

358:2649–51. doi: 10.1056/NEJMc0708819

6. Hoeger PH. Propranolol for infantile haemangiomas: certain chances,

potential risks. Br J Dermatol. (2015) 172:3–4. doi: 10.1111/bjd.13535

7. Léauté-Labrèze C, Boccara O, Degrugillier-Chopinet C, Mazereeuw-Hautier

J, Prey S, Lebbe G, et al. Safety of oral propranolol for the treatment of

infantile hemangioma: a systematic review. Pediatrics (2016) 138:e20160353.

doi: 10.1542/peds.2016-0353

8. Chakkittakandiyil A, Phillips R, Frieden IJ, Siegfried E, Lara-Corrales I, Lam

J, et al. Timolol maleate 0.5% or 0.1% gel-forming solution for infantile

hemangiomas: a retrospective, multicenter, cohort study. Pediatr Dermatol.

(2012) 29:28–31. doi: 10.1111/j.1525-1470.2011.01664.x

9. Chan H, McKay C, Adams S, Wargon O. RCT of timolol maleate gel for

superficial infantile hemangiomas in 5- to 24-week-olds. Pediatrics (2013)

131:e1739–47. doi: 10.1542/peds.2012-3828

10. Yu L, Li S, Su B, Liu Z, Fang J, Zhu L, et al. Treatment of superficial infantile

hemangiomas with timolol: evaluation of short-term efficacy and safety in

infants. Exp Ther Med. (2013) 6:388–90. doi: 10.3892/etm.2013.1176

11. Danarti R, Ariwibowo L, Radiono S, Budiyanto A. Topical timolol maleate

0.5% for infantile hemangioma: its effectiveness compared to ultrapotent

topical corticosteroids - a single-center experience of 278 cases. Dermatology

(2016) 232:566–71. doi: 10.1159/000448396

12. Wu HW, Liu C, Wang X, Zhang L, Yuan W, Zheng JW, et al.

Topical application of 0.5% timolol maleate hydrogel for the treatment

of superficial infantile hemangioma. Front Oncol. (2017) 7:137.

doi: 10.3389/fonc.2017.00137

13. Qiu Y, Ma G, Yang J, Hu X, Chen H, Jin Y, et al. Imiquimod 5% cream

versus timolol 0.5% ophthalmic solution for treating superficial proliferating

infantile haemangiomas: a retrospective study. Clin Exp Dermatol. (2013)

38:845–50. doi: 10.1111/ced.12150

14. Püttgen K, Lucky A, Adams D, Pope E, McCuaig C, Powell J, et al.

Topical timolol maleate treatment of infantile hemangiomas. Pediatrics (2016)

138:e20160355. doi: 10.1542/peds.2016-0355

15. Léauté-Labrèze C, Hoeger P, Mazereeuw-Hautier J, Guibaud L,

Baselga E, Posiunas G, et al. A randomized, controlled trial of oral

propranolol in infantile hemangioma. N Engl J Med. (2015) 372:735–46.

doi: 10.1056/NEJMoa1404710

16. Wedgeworth E, Glover M, Irvine AD, Neri I, Baselga E, Clayton

TH, et al. Propranolol in the treatment of infantile haemangiomas:

lessons from the European Propranolol In the Treatment of Complicated

Haemangiomas (PITCH) Taskforce survey. Br J Dermatol. (2016) 174:594–

601. doi: 10.1111/bjd.14233

17. Marqueling AL, Oza V, Frieden IJ, Puttgen KB. Propranolol and infantile

hemangiomas four years later: a systematic review. Pediatr Dermatol. (2013)

30:182–91. doi: 10.1111/pde.12089

18. Moyakine AV, Kerstjens JM, Spillekom-van Koulil S, van der Vleuten J.

Propranolol treatment of infantile hemangioma (IH) is not associated with

developmental risk or growth impairment at age 4 years. J Am Acad Dermatol.

(2016) 75:59–63.e51. doi: 10.1016/j.jaad.2016.02.1218

19. Langley A, Pope E. Propranolol and central nervous system function:

potential implications for paediatric patients with infantile haemangiomas. Br

J Dermatol. (2015) 172:13–23. doi: 10.1111/bjd.13379

20. Storch CH, Hoeger PH. Propranolol for infantile haemangiomas: insights

into the molecular mechanisms of action. Br J Dermatol. (2010) 163:269–74.

doi: 10.1111/j.1365-2133.2010.09848.x

21. Painter SL, Hildebrand GD. Review of topical beta blockers as

treatment for infantile hemangiomas. Surv Ophthalmol. (2016) 61:51–8.

doi: 10.1016/j.survophthal.2015.08.006

22. Gong H, Xu DP, Li YX, Cheng C, Li G, Wang XK. Evaluation of the efficacy

and safety of propranolol, timolol maleate, and the combination of the two, in

the treatment of superficial infantile haemangiomas. Br J Oral Maxillofac Surg.

(2015) 53:836–40. doi: 10.1016/j.bjoms.2015.09.005

23. Novoa M, Baselga E, Beltran S, Giraldo L, Shahbaz A, Pardo-Hernandez H,

et al. Interventions for infantile haemangiomas of the skin.Cochrane Database

Syst Rev. (2018) 4:Cd006545. doi: 10.1002/14651858.CD006545.pub3

24. Xu G, Lv R, Zhao Z, Huo R. Topical propranolol for treatment of

superficial infantile hemangiomas. J Am Acad Dermatol. (2012) 67:1210–3.

doi: 10.1016/j.jaad.2012.03.009

25. Tollefson MM, Frieden IJ. Early growth of infantile hemangiomas:

what parents’ photographs tell us. Pediatrics (2012) 130:e314–20.

doi: 10.1542/peds.2011-3683

26. Chang LC, Haggstrom AN, Drolet BA, Baselga E, Chamlin SL, Garzon

C, et al. Growth characteristics of infantile hemangiomas: implications for

management. Pediatrics (2008) 122:360–7. doi: 10.1542/peds.2007-2767

27. Itinteang T, Withers AH, Davis PF, Tan ST. Biology of infantile hemangioma.

Front Surg. (2014) 1:38. doi: 10.3389/fsurg.2014.00038

28. Phillips JD, Zhang H, Wei T, Richter GT. Expression of beta-adrenergic

receptor subtypes in proliferative, involuted, and propranolol-responsive

infantile hemangiomas. JAMA Facial Plast Surg. (2017) 19:102–7.

doi: 10.1001/jamafacial.2016.1188

29. Greenberger S, Bischoff J. Pathogenesis of infantile haemangioma. Br J

Dermatol. (2013) 169:12–19. doi: 10.1111/bjd.12435

30. Greenberger S, Bischoff J. Infantile hemangioma-mechanism(s) of drug action

on a vascular tumor. Cold Spring Harb Perspect Med. (2011) 1:a006460.

doi: 10.1101/cshperspect.a006460

31. Lee D, Boscolo E, Durham JT, Mulliken JB, Herman IM, Bischoff J.

Propranolol targets the contractility of infantile haemangioma-derived

pericytes. Br J Dermatol. (2014) 171:1129–37. doi: 10.1111/bjd.13048

32. Pan WK, Li P, Guo ZT, Huang Q, Gao Y. Propranolol induces regression

of hemangioma cells via the down-regulation of the PI3K/Akt/eNOS/VEGF

pathway. Pediatr Blood Cancer (2015) 62:1414–20. doi: 10.1002/pbc.

25453

33. Sun B, Dong C, Lei H, Gong Y, Li M, Zhang Y, et al. Propranolol

inhibits proliferation and invasion of hemangioma-derived endothelial cells

by suppressing the DLL4/Notch1/Akt pathway. Chem Biol Interact. (2018)

294:28–33. doi: 10.1016/j.cbi.2018.08.018

34. Yao TH, Pataer P, Regmi KP, Gu XW, Li QY, Du JT, et al. Propranolol induces

hemangioma endothelial cell apoptosis via a p53BAX mediated pathway.Mol

Med Rep. (2018) 18:684–94. doi: 10.3892/mmr.2018.9013

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2018 Wu, Wang, Zhang, Zheng, Liu and Wang. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Oncology | www.frontiersin.org 6 December 2018 | Volume 8 | Article 605

https://doi.org/10.1016/S0140-6736(16)00645-0
https://doi.org/10.1097/ANC.0000000000000254
https://doi.org/10.1097/MOP.0b013e32833bb764
https://doi.org/10.1111/j.1610-0387.2007.06168.x-i1
https://doi.org/10.1056/NEJMc0708819
https://doi.org/10.1111/bjd.13535
https://doi.org/10.1542/peds.2016-0353
https://doi.org/10.1111/j.1525-1470.2011.01664.x
https://doi.org/10.1542/peds.2012-3828
https://doi.org/10.3892/etm.2013.1176
https://doi.org/10.1159/000448396
https://doi.org/10.3389/fonc.2017.00137
https://doi.org/10.1111/ced.12150
https://doi.org/10.1542/peds.2016-0355
https://doi.org/10.1056/NEJMoa1404710
https://doi.org/10.1111/bjd.14233
https://doi.org/10.1111/pde.12089
https://doi.org/10.1016/j.jaad.2016.02.1218
https://doi.org/10.1111/bjd.13379
https://doi.org/10.1111/j.1365-2133.2010.09848.x
https://doi.org/10.1016/j.survophthal.2015.08.006
https://doi.org/10.1016/j.bjoms.2015.09.005
https://doi.org/10.1002/14651858.CD006545.pub3
https://doi.org/10.1016/j.jaad.2012.03.009
https://doi.org/10.1542/peds.2011-3683
https://doi.org/10.1542/peds.2007-2767
https://doi.org/10.3389/fsurg.2014.00038
https://doi.org/10.1001/jamafacial.2016.1188
https://doi.org/10.1111/bjd.12435
https://doi.org/10.1101/cshperspect.a006460
https://doi.org/10.1111/bjd.13048
https://doi.org/10.1002/pbc.25453
https://doi.org/10.1016/j.cbi.2018.08.018
https://doi.org/10.3892/mmr.2018.9013
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

	Topical Timolol Vs. Oral Propranolol for the Treatment of Superficial Infantile Hemangiomas
	Introduction
	Materials and Methods
	Study Design
	Treatment Regimen and Outcome Assessment
	Statistical Methods

	Results
	Clinical Features of Patients
	Therapeutic Outcomes
	Evaluation of Drug Adverse Events
	Predictors for Clinical Responses
	Therapeutic Effects for Large Hemangiomas

	Discussion
	Conclusion
	Author Contributions
	Acknowledgments
	References


